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shadow mask to complete the BHJ cell. Current-voltage (J-V) characteristics were measured under AM1.5 solar illumination using a xenon lamp.
For devices using CuSCN as the hole transporting layer, a solution of CuSCN (20 mg/mL) in diethylsulfide was made and stirred until fully dissolved (~1h) under an inert nitrogen atmosphere (glovebox). The solution was then filtered with a 0.45 µm poly(tetrafluoroethylene) (PTFE) filter. The filtered solution was spun at 2000 rpm for 60 s onto the cleaned ITO substrates and annealed at 100 °C for 30 min under an inert nitrogen atmosphere (glovebox). The active layers and cathodes were then deposited as described above.
Average efficiencies are based upon 6 devices, except P1 (PEDOT:PSS; 3 devices), P2-CB (CuSCN HTL; 5 devices) and P2-CF (CuSCN HTL; 5 devices).
Synthesis:
5,6-difluoro-2-(2-butyloctyl)-4,7-di(thiophen-2-yl)-2H-benzotriazole [1, 2, 3] triazole 1 (0.940 g, 1.95 mmol), Pd(PPh 3 ) 4 (113 mg, 0.098 mmol), and a stirrer bar were added to a 20 mL high pressure microwave reactor vial. The vial was then sealed with a septum and flushed with argon before 2-thienylzinc bromide solution in THF (10 mL of a 0.5 M solution, 5.0 mmol) was added. The reaction was heated by microwave irradiation to 100 °C for 30 min. After cooling, the solvent was removed under reduced pressure and the crude product purified by column chromatography using ethyl acetate/hexane (5:95, v:v) 16 h. The reaction was heated to reflux for 16 h. The cooled reaction mixture was diluted with CH 2 Cl 2 (100 mL) and extracted thoroughly with water (5 x 50 mL). The aqueous extracts were separated from the organic layer and treated with ammonia solution (28%) to destroy any residual cyanide present. The organic extracts were dried (MgSO 4 ), filtered and concentrated under reduced pressure. The crude product was then purified using column chromatography using ethyl acetate/hexane (1:9, v:v) To a solution of dTdCNBTz (410 mg, 0.817 mmol) in chloroform (20 mL) was added bromine (0.300 g, 1.88 mmol) and the reaction stirred in the absence of light for 24 h. The reaction was the monitored by TLC and 1 H NMR and another 1 equivalent of bromine (0.131 mg, 0.817 mmol) was added in small portions over 6 h until completion. The reaction mixture was quenched into a saturated solution of sodium sulfite and extracted with CH 2 Cl 2 (3 x 20 mL). The organics were combined, dried (MgSO 4 ), filtered, and concentrated under reduced pressure. The crude product was purified by column chromatography over silica using CH 2 Cl 2 /hexane (1:1, v:v) 51, 134.83, 132.15, 130.98, 129.91, 119.78, 116.76, 107.56, 61.07, 39.47, 31.94, 31.53, 31.29, 29.68, 28.58, 26.30, 23.08, 22.79, 14.22 Bis-Br(dTdCNBTz) (200 mg, 0.303 mmol), BDT(T-EH) (274 mg, 0.303 mmol), Pd 2 (dba) 3 (5.5 mg, 0.006 mmol), P(o-tol) 3 (7.4 mg, 0.024 mmol) and a stirrer bar were added to a 5 mL high pressure microwave reactor vial. The vial was sealed with a septum and flushed with argon, before degassed o-xylene (2 mL) was added. The whole solution was then degassed for 20 min under argon and the argon inlet removed. The vial was heated by microwave irradiation to 100 °C for 2 min, 140 °C for 2 min, 160 °C for 2 min, 180 °C for 10 min and 200 °C for 25 min. The polymer was cooled to RT and precipitated in methanol (100 mL), stirred for 30 min and filtered through a Soxhlet thimble. The polymer was extracted using Soxhlet apparatus (methanol, acetone, hexane, chloroform, chlorobenzene) under argon. The polymer remaining in the thimble was dissolved in hot TCB and precipitated in methanol (200 mL) to yield a dark blue polymer P1. 
